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(54) PEG-MODIHEDHGF 

(57) This invention relates to a PEG-modlf led HGF 
(Hepatocyte Growth Factor), namely HGF mocfified by 
polyettiylene glycol. The PEG-nxxlified HGF of tfie 
invention has a prolonged clearance in vivo^ effectively 
exhit)its its physiological activity for a long period of 
time, and has the same physiok)gk»l activity as HGF, 
wtiich makes it possible to reduce the dose and relieve 
the side effects of the same. 
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Description 

Reld of the invention 

5 This invention relates to a PEG-modif ied HGF, namely Hepatocyte Growth Factor (HGF) modified t>y an agent com- 
prising a Polyethylene Glycol (PEG) moiety. This invention also relates to a pharmaceutical composition comprising 
administering to a patient an effective amount of PEGr-modffied HGF. for treating hepatic diseases, treating renal dis- 
eases, promoting growth of epithelial cells, treating cancer, reducing side effects of anti-cancer reagents, treating lung 
diseases, treating gastric and duodenal diseases, treating cerebral and nerval injury, increasing platelels. treating 

10 hypoptoteinemia, healing wounds, increasing hemopoietic stem cells, restoring hair, as a component of skin cosmetics. 

Bad^ound of the invention 

HGF is a unique cytokine having various activities not limited to controlling growtti of hepatocytes, and growth of 
15 various epithelium cells, txit also extended to enhancing motility of cells, and indudng morphogenesis with constructing 
three dimensional tissue. HGF takes a main role in generation or regeneration of tissues and organs as a mitogen, a 
motogen and a morphogen. 

HGF is a heterodimeric protein conprisirig an a chain faving a molecular 
ing a molecular weight of about 34 kD. and having a molecular weight 82-85 kD as a whole. 
20 HGF acts as a growth factor for promoting growth of not only hepatocytes. but also renal tubule epitiiefial cells, 
keratinocytes, melanocytes, alveolar epithelial cells type II, gastrk; mucosal epithelial cells, vascular endthelial cells, 
arxJ other epitfielial cells. 

KIGF shows an activity for promoting growth of normal cells, but sIk3ws an activity for suppressing the proliferation 
of tumor cells (Tajima. H. et al.. FEBS Lett. 29L 229. 1991). 
25 HGF also shows an activity for enhancing motility of various epithelial cells such as MDCK cells (normal eprttielial 
cells of renal tubule) and a motogen activity such as scattering colony of cultured saki cells. 

HGF is reported to have an activity of inducing morphogenesis of MDCK cells (Montesano, R. et al., CeR, 6L 901 . 
1991). 

HGF inhibits leakage of a sohiie enzyme from cultured hepatocytes prepared from an animal treated Ksy cartxxi 
30 tetracNoride, a typk:al toxic substance to liver. These results show that HGF has an anti-hepatitis activity in vitro. HGF 
is also reported to have an anti-hepatitis activity in vivo (Takehara. T. et aL, Bkxned. Res., 12, 335, 1991). 

HGF is also reported to enhance the activity of Na-K-ATPase in renal tubule epithelial cells and has been sug- 
gested to enhance renal functions (Ishibashi. T et al.. Biochem. Bfophys. Res. Commui.. 1^ 960. 1992). 

Problems in administering HGF in vivo are fast clearance in vivo and that HGF originating from non-human species 
35 may have an arrtigenk^ity. 

One of ttie effective ways to solve the problems is modifying the protein with a PEG reagent to delay the clearance 
and to reduce the antigenk^ (Ybshinxito, T. et al., Jpn. J. Cancer Res.. ZZ, 1264. 1986; Japanese patent appination 
KOKAl 56-23587. 1981 ; Japanese patent applk^tion KOKAl 61-178926. 1986; Abuchowski, A. etal.. Cancer Btochem. 
Biophys-.i 175. 1984; Japanese patent application WDKAI 62-115280, 1987). 
40 As described above. HGF hiasvark>usbiok)gical activities and devek)pn)em 

agents is expected. It is considered important to devetop a pharmaceutical oonrposition for use in a method of treat- 
ment, corrprising adrninistralfon to a patierit an effective amount of HGF f^ 

eases, promoting growth epithelial ceils, treating cancer, reducing skie effects of anti-cancer reagents, treating lung 
diseases, treating gastric and duodenal diseases, treating cerebral and nerval irijury. increasing platelets, treating 

45 hypoptoteinemia. healing wounds, increasing henfX)poietic stem cells, restoring hair, and in skin cosmetics, but it is nec- 
essary to administer several ten tig/kg to several mg/kg of HGF to have enough activities, and ttie administration 
amount may be relatively Ngher than other physiotogk»Oy active proteffi. High dose may be disadvantageous because 
of unexpected side effects and high cost to manufacture a pharmaceutical product. 

The most irrportant problem to be solved is to improve the clearance in vivo, since it is reported that half life time 

50 of HGF in bkxxJ is quite short (a phase: about 2 minutes, p phase: about 20 minutes). But a pharmaceutical composi- 
tion for use in a mettxxi comprising administration of an effective amount of PEG-modified HGF having improved phar- 
macokinetics in vivo and improved activities to a patient for treating hepatic diseases, treating renal diseases, promoting 
growtti eprtfieiial cells, treating cancer, reducing sxle effects of anti-cancer reagents, treating lung diseases, treating 
gastric and duodenal diseases, treating cerebral and nerval injury, inaeasing platelets, treating hypoptoteinemia. heal- 

55 ing wounds, inaeasing hemopoietic stem ceUs, restoring hair, and in skin cosmetics, has not been reported. 
The subjectof thepreseminveritionistoprovkieaPEG-nradified HGFttiatcan inai^ 
longer time to reduce the amount of administration, and has a spedfk% to targ^ing organ. 
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Disclosure of the invention 

As a result of extensive study, the present inventors have succeeded in obtaining a PEQ-mod9ied HGF that has 
inpraved properties in vivo and prolonged HGF activities. 
5 The present invention provides a PEG-modified HGF. 
The present invention also provides; 

a PEG-modified HGF comprising HGF modified by a PEG reagent that modifies an amino groip of lysine or N-ter- 
minal of a protein; 

10 a PEG-modified HGF comprising KIGF modified by a PEG reagent that modifies an amino groip of lysine or N-ter- 
minal of a protein linked through an amide bond; 

a PEG-modified HGF which is obtained ty a process comprising the steps of, activating a carboxyl group of a PEG 
agent represented by the formula (1): 



IS 



20 



R'0(CH2CH20)r 
R'0{CH2CH20)<rH^ (CH2)tC02H (d 




(wherein and R^ are the same or different and independently a lower alKyl ; p and q are the same or different and 
25 independently an integer selected from the range of from 20 to 280: and t is 0 or a positive integer), and treating 
said activated reagent with HGF; and 

a PEG-nrKxffied HGF which is obtained t)y a process comprising the steps 0^^ 
agent represented by the fomnula 

30 O 

R'0(CH2CH20)r-C'(CH2)sCO2H (2) 

55 

(wherein R^ is a lower all^. r is an integer selected from the range of from 20 to 280. and s is a positive integer), 
and treating said activated reagent with HGF. 

Present invention also provides a pfiarmaceutical composition for use in a metfKXi comprising administration of an 
40 effective anxxjnt of a PEG-modified BQF to a patient for treating hepatic diseases, treating renal diseases, promoting 
^owth epithelial cells* treating cancer, reducing side effects of anti-cancer reagents, treating lung diseases* treating 
gastricand duodenal diseases, treating cerebral and nerval injury. Increasing platelels. treating hypoptoteinemia, heal- 
ing wounds, increasing hemopoietic stem cell, restoring hair, and in skin cosmetics. 

The preserrt invention also provides a method of using a PEG-nxxfified HGF conrprising the step of manufacturing 
45 a pharmaceutical composition for treating hepatic diseases, treating renal diseases, pronxTting growth epithelial cells, 
treating cancer, reducing skJe effects of anti-cancer reagents* treating king cfiseases, treating gastric and duodenal dis- 
eases* treating cerebral and nerval iiijury. increasing platelels. treating hypoptoteinemia. healing wounds, increasing 
hemopoietic stem cells, restoring hair, and in skin cosmetics 

so Brief description of drawings 

Figure 1 shows hepatocyte growth activity of a PEG-modified HGF. 

Figure 2 shows time dependent concentration of a PEG-nxxfified HGF in blood. 

Figure 3 shows an enhancing activity of a PEG-modHied HGF on production of protein fibrinogen) . 

55 

Best nmle to carry out the present invention 

In the present invention. HGF prepared by various methods can be used. 
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The methods of preparing HGF are well known to a per^ HQF may be prepared 

by a process corrprising the steps of ; 

extracting from an organ (such as liver, spleen, lung, bone marrow, brain, kidney, placenta and ttie like), bkxxJ cells 
5 (such as platelets, white blood celte and the like), plasnr>a, serum and the like, of a mammal (such as rat bovine, 
horse, sheep and the like); and purifying (FEBS Letters. ^ 312, 1987; Proc. Natl. Acad. Sd. USA. fig. 5844. 
1989. etc.). 

HGF may also be prepared by a process comprising the steps of; 

10 

culturing cells in primary culture or a cell line which produce(s) HQF; extracting from the culture products (super- 
natant fluid, cultured cells, eta); and purifying. 

HGF may also be prepared by a genetk: engineering method comprising the steps of; 

15 

Inserting a gene encoding HGF to an appropriate vector; 

transfecting a host cell by inserting said inserted vector; and purifying from the supernatant fluid of the cultured 
transfected cells (for example. Nature, 3^ 440. 1989; 

Japanese patent ^Icatkm NOKAI 5-11 1383 (1993); Japanese patent application KOKAI 3-255096 (1991); Bio- 
20 chen^Bkjphys.Res.Cornnriun., 1^967. 1989). 

Said host cell is not Kmited, and various host cells conventionally used in genetic engineering methods can be 
used, which are, for example, Escherichia cdi, Bacillus subtilts, yeast, moM fungi, plant or animal cells and the lika 
A more spedfk; process of preparing HGF from a living t^e comprises tiie steps of; 

25 

administering cartxm tetrachtoride to a rat intraperitoneally to make said rat hepatitis; 

removing a iver from said rat and homogenizing; and purifying tyy a conventional method of protein purifk»tion 
such as gel column chromatography (such as S-Sepharose. heparinsepharose and the like). HPLC and the like. 

30 HGF may be prepared by a genetic engineering process comprising the steps of; 

transforming an animal cell (such Chinese Hamster Ovary (CHO) cells, nrxxjse C127 cells, monkey COS cells, Sf 
(Spodoptera frugiperda) cells and the like) with a gene encoding amino add sequence of HGF; and 
purifying from the sipernatant fluid of the cultured cells. 

35 

HGF includes human HGF and mammalian HGF, preferred HGF is a human HGF, and more preferred HGF is a 
human reconrt)inant HGF (Japanese patent appfication KDKAI 5-1 1 1383 (1993)). 

HGF prepared by the above processes indudes any HGF that has substantially the same activities s 
tialdel^kxi derivative of the amino acki sequence, a sut>stitution derivative of an amino add, an insertion derivative of 
40 other amino add sequerx^e, a derivative from binding one or more amino adds to N- or C4emninus of the amino add 
sequence, or sugar chain deletion or sut)stitution derivatives. 

In ttie present spedfk»fion, "PEG-modif ied" indudes modHying a protein with a PEG reagent 

A PEG reagent means having a portion of a polyethylene ^oup; -0-(CH2CH^)n- (wherein n is an integer 
selected from tiie range of from 20 to 280) 
45 and a portion to be able to bind to a protein. 

Ihece are many PEG reagents that may be used in the invention and examples of preferred PEG reagent indude 
the three types described betow. 

1 ■ A PEG reaoertt modifvinQ an amino group of lysine or the N-termlnus of a protein 

so 

A PEG reagent modifying an amino group of lysine or the N-terminus of a protein comprises a reagent having a 
group that can bind to a protdn, such as a carboxyl groups a derivative of car^ 

mic group and tiie like. Exarrples of the PEG reagent modifying an amino group of lysine or the N-terminus of a protein 
are descrt>ed in the reports cited below. 

55 

(J) Reagent mocfifying HGFttvough an amide bond 
1) Tetrahedron. 40. 1581 (1961). 
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2) Anal. Biochem., m 25 (1983) 

3) Cancer Biochem. Biophys., L 175 (1984) 

4) Proc. Natl. Acad. Sd. USA. 84. 1487 (1987) 

5) FEBS Letters. 222. 381 (1987) 

6) Japanese patent application KOKAI 61-249388 (1986) 

7) Japanese patent application KOKA1 1-316400 (1989) 

8) Japanese patent application KOKAI 4-108827 (1992) 

The reagents descrit^ in the reports are represented belcw; 
R^CH2CH20)d-C02H 
R^CUgCHgOjd-CHgCOgH 
R*0(CH2CH20)d-CH2CH2NHCO(CH2)iC02H 



HOCXX)H20(CH2CH2p)dCH2C02H (vvherein and are same or different and independently a lower all^, 
d and e are the same or different and independently an integer selected from the range of from 20 to 280. and i is a 
positive integer). 

With these above reagents, the preferred range of i is from 1 to 1 0. and vme the preferred range of i is from Ito 4. 
0 A reagent modifying HGF through a bond other than Q) 

1) J. Biol. Chem.. 2§L 3578 (1977) 

2) Chem.Lett.7Z3(1980) 

3) Res. Commun. Chem. Pathol. Phamiacol.. 23, 1 13 (1980) 

4) Agr. Bid. Chem.. S. 1575 (1988) 

5) J. Biomatter. Sd. Polymer. Edn.. 2. 61 (1991) 

6) Japanese patent application KOKAI 61-178926 (1986) 

7) Japanese patent application KOKAI 53-10800 (1988) 




R*0(CH2CH20)d-CH2CHO 




o 



The reagents descnbed in the reports are represented below; 
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R'0(CH2CH20)u— CH2CH2COCH3 

NH 



10 



IS 



20 



25 



30 




R*0(CH2CH20ju\ 
R^(CH2CH20)i 



R'0(CH2CH20)u\ 



HO 



(wherein and are the same or (fifferem and indepe^ 
independently an integer selected from the range of from 20 to 280). 

35 

2. PEG reagent modifying a cartxacyl group of asoartic acid. Glutamic acid or the C-terminus d a protein 

A PEG reagent modrfying a cartxwyl group of aspartic add, glutamic acid or the C-terminus of a protein conrprises 
a reagem having a group that can t)ind to a protein, such as an amino group and the like. Exanrples of the PEG reagent 
40 are described in Japanese patent application KDKAI 56-23587 (1981) and the like; 

R^(CH2CH^)w-CH2CH2NH2 (wherein is a lower alkyi, and w is an integer selected from the range of from 
20 to 280). 

3. PEG reaoent modifying a ouanidlno oroty of aroinine 

45 

A PEG reagent mocfifying a guankf no group of arginine comprises a reagent having a group that can bind to a 
polypeptide or protein, such as phenylglyaxal and the Gke. Examples of the PEG reagent are a reagent described in 
Japanese patent applk»tion KDKAI 2-1 17920 (1990) or Japanese patent applicatkHi KOKAI 3-88822 (1991); 

50 
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5 



R'0(CH2CH20) 




COCHO 



10 



IS 



R'0(CH2CH20)k 




COCHO 



20 



R"D(CH2CH20)| 



(wherein and are the same or different and independently a lower alkyi, and k and j are the same or different 
2S and independently an integer selected from the range of from 20 to 280). 

Preferred examples of the PEG reagent are a PEG reagent nxxiifying an amino group of lysine or tfie N-terminus 
of a protein and the lika More preferred examples of the PEG reagent are a PEG reagem modifying an anvnogrotp of 
lysine or the N-terminus of a protein through an amkJe tx>nd. 

The PEG reagent may k>e prepared by a conventional method well kncwn to the skilled in the art of organk; chem- 
30 istry. For example, the PEG reagents may t>e prepared by the methods descrit)ed in the above prior art 

The preparation of the PEG-modified HGF using the PEG reagent can be earned out by a conventkxial method well 
known to the skilled In the art of organk; chemistry. For example, the PEG-modified HGF may be prepared by the 
method described in the atx3ve prior art. 

A detailed method is exempfified bek}w using a PEG reagent that has a carboxyl group in a nrralecula 
35 The PEG modlTicatkKi may be accomplished by the two-step reactions described beksw. 

1. AcBvaHno acarboxvl QfouDof the PEG reagent 

Examples of metfxxis of activating a cartx)xyl group are an activated ester metlKxl, a mixed anhycfaide metfxxJ, and 
40 the like. Methods of activating a cartxsxyl group are described in Seikagaku Jikken Kbuza Vol 1. Tanpakushitu Ho 
Kagaku IV 236-242 (Tokyo Kagaku DQjin) and Peptide Gousei No Kiso To Jikken (Izumiya et al.. Maruzen). 

Examples of the activated ester are p-nitrophenyl ester; tNophenyl ester; p-nrtrothk)phenyl ester; 1 ,3p5-tricNoroph- 
enyl ester; pentachbrophenyl ester; pentafluorophenyl ester; 2.4-dinTtrophenyl ester; cyanoniethyi ester; dk»rtxxucim- 
kJe ester such as N-hydroxyphthalimkle ester, N-hydroxysuccinlmkJe ester and the like; activated hydroxylamine ester 
45 such as N-hydroKy(>eperidine ester. N-hydroxy-5-nort)omene-2,3-dk;arbonk; acid ester and the like; and the like. 

The activated ester may be prepared by a conventx)nal organic chemistry preparation method of ester, such as 
treating a carboxyl grcuf> of the PEG reagent with an akx>hol derivative corresponding to the activated ester in the pres- 
ence of a condensing reagent such as dk:yck}hexyl-cartxxiiimKle, 1-ethyt-3K3KlinfYetfiylanriinopropyl)cartX)diinrikle and 
the like srt a temperature ranging from •20''G to room temperature for from 1 to 24 hours. 
so The activated ester may also be prepared by treating a caitx3xyl group of the PEG reagent with a halogenated 
derivative corresponding to the activated ester in the presence of a base such as triethylamine and the like at a temper- 
ature ranging from CC to 80^ for from 1 to 72 hours. 

The activated ester prepared by the method described above may be used in the next reactkxi immediately after 
working tp. when the activated ester is unstat)la The stat)le activated ester may k>e isolated and may be stored for a 



The mixed anhydride may be prepared by treating a carboxyl group of the PEG reagent with iso-butytohforoformate, 
ethykMKofbnnate, pivakiyl chk)ride, isovalerile chtoride, dphenylphosphyl chk)ride and the fike in the presence of base 
suchasN-methylmorphorina N-ethyl0iperidine and the like at a tenperature ranging from -20*'C to O^'C for fr 



55 longtima 
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minutes. The mixBd anhydride obtained in above method may be used in next reaction without isolation or purification. 
2. Treating HGF wwth the PEG reagent having an activated carboDcyi group 

5 The reaction of a PEG reagent having an activated cartxscyl group and HGF may be carried out at a temperature 

selected from the range such that activity of HGF can be maintained. A prefen'ed tenrperature range is from 0 to 25''C. 
A molar amount of the PEG reagent may be selected from the range of from 5 to 100 times of the molar of HGF. In 

the case of modifying an amino group of lysine or the N-temninus of protein, a preferred molar range of the PEG reagent 

is from 1 0 to 25 times of the molar of HGF. 
10 Since the PEG reagent represented by the formulae (1 ) or (2) that can be used In the invention may t>e treated In 

the reaction at a pH of more than 5.5, the pH of the modifying reaction can be selected from a pH range of more than 

5.5, where HGF IS not deactivated. A prel^ed pH cf the nK)difying reaction 

to 9. 

A reaction solvent may be selected from solvents ttiat are inert to the reactioa Examples of the reaction solvent are 
IS a txjffer solution such as phosphate buffer solution, tris buffer solution, borate buffer solution, aqueous sodium cartxHi- 
ate solution, aqueous sodium hydrogencarbonate solution, N-ethylmorpholine-acetic add buffer solution, sodium 
maleate kxjffer solution, sodium acetate buffer solution and the like. 

An organic solvent that does not deactivate HGF and is inert to the reaction may t>e added to the solvent and 
exanples of such organic solverrt are a lower alcohol such as methanol, ethanol, propanol and the like; acetonitrile; 
20 dksxane; tetrahydrofuran; and the Ilka 

The reaction time is selected from the range of from 1 to 72 hours. 

After the termination of the reaction, the PEG-modtf ied HGF may be purified from the reaction mixture by a conven- 
tional purification method of a protein, such as satting-out gel filtration, lon-excfiange chromatography* adsorptive chro- 
matography, affinity chromatography, ultrafiltration, reverse phase HPLC and the like. 

25 The kTwer alkyi as used in R^-R^^ of the PEG reagent in the invention includes a straight and branched alkyi having 
1 to 6 carbon atoms. Examples of tower alkyi are methyl, ethyl, propyl, iso-propyl. butyl, pentyl, hexyt and the lika 

The PEG-modified HGF of the present invention may be formulated in wious ways such as liquid preparations, 
solid preparations, capsule preparations and the Ilka The PEG-nxxfif ied HGF of the present invention may t>e formu- 
lated for parenteral administration for Irijection without any earner or with an appropriate conventional carrier arxi for oral 

30 administration with an appropriate conventional carrier. The preparation for parenteral administration lor injection may 
be prepared by a Goriventional nriethod, such as a rnethod corriprising the st^ 

dissolving the PEG-modif led HGF in an appropriate solvent such as sterilized water, buffered solution, pt^siotogi- 
cal saline solution and the like; 
35 sterilizing by ffltration; arxJ 

filling a sterilized bottie with said solution. 

An amount of the PEG-modified HGF in the parenteral preparation is from about 0.0002 to about 0.2 (W/V%), and 
preferably from about 0.001 to about 0.1 (W/V%). The preparatkxi may be prepared by the conventional preparation 
40 techniqua The amount of the PEG-nxx&ied HGF may be varied depending on preparation fonn, disease to be treated 
and ttie like. 

A stabflizer may be added to the preparation, and examples of the stabiizer are afcumin, gtobufin, gelatin, mannitol. 
glucose, dextran, ethylene glycol and the like. The preparation of the present invention may Include a necessary addi- 
tive such as an exdpient, a solubiDzing agent, an antioxidant agent, a pairvalleviating agent, an isotonic agent and the 
45 lika In the liquid preparatioa it is preferat)le to store it urxier frozen ooTKlition or afte^ 

as freezadrying. The freeze-dried preparation is used by dissolving again in distflled water for injection and the like 
before use. 

An administration route of the preparation of the present invention may vary depending on the form of preparation. 
The parenteral preparation may be administered intravenously, intraarterially, subcutaneously or intramusculariy. The 
so amount of dose may vary dependng on symptom, age, body weight, etc of a patient The dose of PEG-modified HGF 
is calculated as the HGF portkxi of PEG-modified HGF and is selected from the range of from 0.1)ig/kg to lOmg/kg. 
The preparation of PEGHTKxfified HGF may be adninistered once or severe 

The utility of the present invention 

ss 

The PEG-modified HGF of the present invention is considered to act on cells In the same mechanism as HGF, 
through the protein portion of the PEG-mocfif ied HGR The PEG-modffied HGF has same bk)k)gk»l activities as HGF 
The HGF modified by tiie P^ reagent represented t>y the formulae (1) and (2) has an improved pharmacokinetic 
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activity in vivo, and more specificity to an organ compared to the non-nrxxlif ied HGF and shows same activities in lower 
dose. 

The PEG-modif ied HGF has a prolonged clearance in vivo and shows retained t)iologica] activities. The PEG-mod- 
ified HGF has the same activities s& nonnfrxxiif ied HGF Therefore ttie PEG-nrxxfified HGF is useful as a pharmaceutical 
5 composition for treating hepatic diseases^ treating renal diseases, promoting grcwtti of epithelial cells, treating cancer, 
reducing side effects of anti-cancer reagents, treating lung diseases, treating gastric and duodenal diseases, treating 
cerebral and nerval injury, inaeasing platelets, treating hypoptoteinemia. healing wounds, increasing hemopoietic stem 
cell, restoring hair, and in skin cosmetics. 

10 Exanrples 

The follcwing examples are for illustrative purposes only and are not to t>e construed as limiting the invention. 

The data of amino add analysis in the examples are the results In the acid decomposition of the nxxiified HGF 
(decomposition products after treating wrtti 6 N hydrochloric add-phenol at 110 ""C for 24 hours). 
IS The rate of modified amino group is calculated from the metixxi of trinitrobenzene siifonic add (Methods in Enzy- 
mdogy, vol.2S, p464 (1972). Academic Press, New Yorl^ comparing to non-modified HGF 

Each al3t)reviation means tiie following respectively. 



Asx: 


Aspartic add or Asparagine 


20 Gx: 


Gutamic 2^ or Glulamine 


Ser: 


Serine 


Gty 


Glydne 


His: 


Histidine 


Arg: 


Arginine 


25 Thr: 


Threonine 


Ala: 


Alanine 


Pro: 


Proline 


Tyr: 


Tyrosine 


Val: 


Valine 


30 Met: 


Mettiionine 


lie: 


isoleudne 


l^: 


Leudne 


Phe: 


Phenylalanine 


Lys: 


Lysine 



Example 1 

HGF modified tiy 3.44)isHTiethODcypotv^hvleneqlyDdhvcfrDdnrianw^ add 

40 To a 30mM phosphate buffer sdution (pH 6.0. 0.3M-NaCO (6.9ml) was added HGF (3.90mg) and the pH was 
adjusted to 8.25 witti 1 N NaOH solution. To the solution was added 3.44)is-^ethoxypolyettvleneglyoolhydrodnnarnic 
add N-hydroxysuodnumide ester (average molecular weight is about 10,000) (3.14mg, 0.15 ecMvalent to the anwio 
groips) and the reaction mixture was stirred for 18 hours at room temperature. The pH of the reaction mixture was 
adjusted to 6.5 wrtti 0.1 N Hd and the reaction mixture was purified by gel filtration chromatograpfiy (Cdunn: 

45 Sephacryt S-200HR 2.6 cm0 x 90 cm, Eluerrt 0.2M aqueous NaCI solution. Flow rate: 1.4mlATin., Detection wave 
length: 220nm). The objective fractions were collected and subjected to desalting and concentrating 1^ uftrah'ltration 
with YM-15 merrtbrane (Amicon) to give an aqueous solution (750mO of titied compound (content of protein: 
3.713mg/ml, modifying rate of amino add; 19%). 

so Amino add analysis 

Asx 63.2 (83). Glx 50.5 (59), Ser 30.1 (38). Gly 54.0 (57), His 20.2 (22). Arg 33.3 (41), Thr 31 .9 (38). Ala* 21 .0 (21). Pro 
35.0 (44). Tyr 24.4 (32), Vial 26.5 (33), Met 1 1 .4 (1 5), He 32.1 ( 37). 1^ 35.5 (37), Phe 1 6.0 (1 7). Lys 41 .4 (41 ), Cys - (40) 



standard amino add. Q: calculatBd data, data not meastred 
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QPC 

CduiTYi: TSK gel G3000SW 7.5 mm0 x 600 mm (manufactured by Toso Ca. Lid.) 
Buent: lOmM Tris buffer. 0.2M aqueous Naa solution. 0.05%SDS 
5 Ftowrale:0.6ml/imin. 

Detection wave length: 220 nm 
Retention time: 18.517 min. 

Example 2 

10 

HGF modified by 3.44MSHTietha)(ypoiyelhvleneQl^ acid 

To a 30mM phosphate buffer solution (pH 6.0» 0.3M-NaCI) (6.9ml) was added HGF (3.90mg) and the pH was 
adjusted to 8.25 with 1 N f^H solution. To the solution was added 3.44)is-methGKypolyethyleneglycoftiyclrodnnanvc 

IS add M-hydroxysucdnimide ester (aveiage molecular weight is about 10.000) (6.29mg. 0.3 equivalents to the amino 
groups) and the reaction rrixture was stirred for 18 hours at room temperature. The pH of the reaction mixture was 
adjusted to 6.5 with 0. 1 N HCI and the reaction mixture was purified by gel filtration chromatography (Column: Sephacryl 
&'200HR 2.6 cm0 x 90 cm, Eluent: 0.2M aqueous f^CI solution, Flow rate: 1 .4mlAnin.. Detection wave length: 220nm). 
The objective fractions were collected and subjected to desalting and concentrating by ultrafiltration with YM-15 mem- 

20 brane (Amicon) to give an aqueous solution (1 .00 mQ of titf ed compound (content of protein: 3.722mg/iml. modifying rate 
of the amino groups; 32%). 

Amino acid analysis 

25 Asx 64.4 (83). Glx 52.2 (59). Ser 30.6 (38). Gty 54.8 (57). His 20.2 (22). Arg 33.7 (41). Thr 32.5 (38). Ala* 21 .0 (21). Pro 

35.4 (44). Tyr 25.2 (32). Val 26.8 (33), Met 12.5 (15), He 32.8 ( 37). Leu 35.7 (37), Phe 16.2 (17). Lys 41.9 (41). Cys - 
(40) 

GPC 

30 

Cdtum: TSK gel G3000SW 7.5 mm0 x 600 mm (manufacture by Toso Co.. Lid.) 
Buent lOmM Tris buffer, 0.2M aqueous NaQ soli^, 0.05%SDS 
Flow rate: 0.6ml/min. 
Detection wave lengtti: 220 nm 
35 Retention time: 18.183 min. 

Example 3 

HGF modified by monornethoxvpolyethvlenQlvcolsucanic add 

40 

To a 30mM phosphate buffer solution (pH 6.0. 0.3M-r^CI) (6.85ml) was added HGF (3.87hig) and the pH was 
adpjsted to 8.24 witii IN NaOH solution. To the solution was added nxxioniettioxypolyelhyleneglyoolsuccinic add N- 
hydroxy-sucdnimide ester (average molecular weight is akxxJt 5.000) (3.14mg, 0.3 equivalents to the amino groups) 
and tf)e reaction mixture was stin'ed for one hour at room temperatura The pH of the reaction mbdure was acfusted to 
45 6.5 with 0. 1 N HCI and the reaction mixture was purified by gel filtration chromatography (Column: Sephacryl S'200HR 
2.6 cm0 X 90 cm. Eluent: 0.2M aqueous NaCI solution. Flow late: 1.4ml/min.. Detection rave lengtti: 220nm). The 
objective fractions were cdlected and subjected to desalting and 00 

(Amicon) to give an aqueous solution (1.60 ml) of titted compound (content of protein: 1.813mgAnl, nxxJifying rate of 
the amino groups; 33%). 

so 

Amino add analysis 

Asx 62.5 (83), Glx 49.8 (59). Ser 31 .0 (38). Gly 55.1 (57). His 19.4 (22), Arg 33.3 (41). Thr 31 .8 (38), Ala* 21 .0 (21). Pro 

35.5 (44). Tyr 23.9 (32). Val 26.9 (33). Met 13.0 (15). lie 31.9 ( 37). Leu 35.8 (37). Phe 16.1 (17), Lys 40.9 (41). Cys - 

55 (40) 

V standard amino acid. 0- calculated data. -: data not meastrad 
*: standard amino add. 0= calculated data, data not measved 
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GPC 

CdufTm: TSK gel G3000SW 7.5 mm0 x 600 mm (manufacture by Toso Co., Ud.) 
Buent lOmM Tris buffer, 0.2M aqueous NaQ solution. 0.05%SDS 
5 Flow rate: 0.6ml/ifnin. 

Detection mve length: 220 nm 
Retention time: 18.225 min. 

Example 4 

10 

The activities in vHro of PEG-modif ied HGP& obtained in Examples 1 . 2. and 3 were measured with hepatocyte pri- 
mary cultures. The hepatocytes were obtained from Wister rats (Male, 8 to 10-week old) and were cultured. 

The rat hepatocytes were isolated and cultured according to the method by Nakanxira (Shodai-t>aiyou-kansaibou- 
jikkerhhou. Gakkai-shuppan Center (1989)). Isolated hepatocytes were cultured for 24 hours in a medium corrprising 
IS William'^ E (WE) medium containing 5% PCS, and were cultured in the serunhfree medium containing various concen- 
trations of the sample for 20 hours, in wells. 

About 2 kBq/Well of S-C^^Q-iododeoxyuridine (^^l4Jrd) was added to each well, and the cells were cultured for fur- 
ther 4.5 hours to incorporate ^^t-Urd into the cells. After the cultivation, the plate was washed with PBS (-). and was 
fixed with 10% TCA. The cells were dissolved in IN NaOH and the amount of Rl incorporated into the cells was meas- 
20 ured using a r^xxxiter. The results are shown In Rgure 1. 

The relative activity at 1 ngM and 3ng/ml was calculated wit^ 
compound of Example 1 is 0.60. the relative activity of the corrfxxjnd of Example 2 is 0.42 and the relative activity of 
tfie compound of Exanple 3 is 0.50. 

25 Examples 

Pharmocokinetics of the compound of Example 1 and 2 was studied. Wister rat (male. 11-week oki) purchased 
from IMhon SLX) was used. 

30 1)Ud)efingHQFandthePEQ-modifiedHGF 

Each compound was labeled by the kxtogen melhod. TTie labeling was confirmed by way of treating ttie labeled 
corrpound with 10% trichloroacetic acki immediately after the lak)eling. As a result vnore than 96% of isotope was 
recovered in the precipitate fraction. The Iat>el6d compourxJ was frozen and stored at -80 

35 

2) Preparation of labeled corrpound for measurement of pharmacokinetics 

A cokl sample corresponding to the lat>eled compound was dissolved in PBS solution containing 2.5mgAml HAS 
and 0.01 % Tween 80 to give a cold sanple concentration of 0.25 mg/ml. A sarrple for pharmacokinetic test was pre- 
40 pared by adding the lat>eled compound obtained from trichloroacetic add precipitate fraction (2.2 x 1 0^ cpm) to the coU 
sample. The protein amount of labeled compound added to tiie sample for pharmacokinetic test was less ttian 4 % of 
tfie cokl sanple. Firial concentration of HOP in the sairple for pharamaooklnetic^ 

3) Administration to rats and preparation of blood sample 

45 

Each sanple was administered to rats via a tail vein and an amount of administration was 2 ml/kg. The rats were 
(fivkied to two groipe (n s 2). After the adnMstration, bkxxl samples wa^ 
5. 10 and 30 minutes from one group and at 10, 20. 30, 45 and 60 from the other groupi 

so 4) Separation of serum and measurement of an isotope amount 

The oolectedbk)odsainples were separated to give senm The serum (100 ^0 was put in^ 10%1richlo- 
roacetic add was added and centrifuged. and the sipernatant was removed to give a precipitate fraction. The amount 
of tsotope in the precipitate was presumed to arise ttie labeled HOP and PEQ-fnod'rfied HQF. and measured by the t 
ss counter. From tiie results, the time-dependent concentration curves were calculated and are shown in Rgure 2. 

From the time-dependent curve, an initial corx;entration of the sample was derived and the amount of administra- 
tion was confirmed. 

The half life time of the each sanple was calculated from Figure 2. The half life time of HGF was 59.2 minutes and 
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the half IHe times of the conrpourKJ in Exanple 1 ai^ It was revealed that 

the PEG-iTKXfified HGF has a inproved stability in vivo and prolonged activities. 

Example 6 

5 

HGF modified bv 3.44Ms-niethaxvpolYethylenealvcolhvdn)cinnam^ acid 

To a 1 0mM phosphate txjffer solution (pH 6.5. 1 M-NaQ. 0.01% Tween 80) (3. 1 9ml) was added HGF (148.3mg) and 
0.1 M borate buffer solution (1 1 .64ml. pH8.21 . 1 M-NaCI) and the pH was adjusted to 8.21 with 1 N NaOH solution. To 

10 the solution was added 3»44)is-methoxypolyethyleneglycolhydrocinnamlc add N-hydraxysucdnimide ester (average 
molecular weight is about 10.000) (239.2iTig. 0.3 equivalents to the amino groups) and the reaction mixture was stirred 
for 1 8 hours at room temperatura The pH of the reaction mixture was adjusted to 6.5 with 0.1 N HCI. and the reaction 
mixture was divided to 6 portions and each portion was purified by gel filtration chromatography (Cdumn: Sephacryl S- 
200HR 2.6 cm0 x 90 cm. Buent: 0.2M aqueous NaCI solution. Flow rate: 1 .4miyifnin., Detection wave length: 220nm). 

IS The objective fractions were collected and subjected to concentrating by ultrafiltration with YM-15 membrane (Amicon) 
to give an 0.1 5 M NaG aqueous solution (21 .0 ml) of titled compound (content of protein: 4.73 mg/hil. modifying rate of 
the amino groups; 29%). 

Amino add analysis 

20 

Asx 70.3 (83). Glx 55.9 (59). Ser 34.0 (38). Gly 56.0 (57), His 23.1 (22). Arg 40.7 (41), Thr 32.1 (38). Ala* 21 .0 (21). Pro 
38.2 (44). Tyr 27.7 (32). Val 26.8 (33), Met 18.1 (15), He 32.5 ( 37), 1^ 33.9 P7), Phe 15.4 (17). Lys 42.5 (41), Cys - 
(40) 

2S GPC 

Column: TSK gel G3000SW 7.5 mm0 x 600 mm (manufacture by Toso Ca. Lid.) 
Eluent 10mM Tris buffer. 0.2M aqueous NaO solution, 0.05%SDS 
Flow rate: 0.6mlAnin. 
30 Detection wave length: 220 nm 
Retention time: 17.95 min. 

Example7 

35 To conpare pharmaceutical activities of HGF and the PEG-nxxlif ied HGF in Example 6, HGF and the PEG^nodi- 

f ied HGF which have the same protein amount calculated as HGF were acfaninistered to rats and an enhandng activity 

on production off fixinogen in liver was measured. 

HGF and the PEG-modif ied HGF were dissolved in 1 0mM dtric add buffer solution (pH 5) containing 0.3 M NaCI 

and 0.01 % Tween 80. respectively Administration doses of HGF and the PEG-modified HGF were 0.05. 0.15 and 0.5 
40 mg of HGF protein/kg body weight The sample was administered to rats via tail vein two times a day One group con- 

sisls of five rats. Next day of the two-day administration, rats were anesthetized and a blood sample was collected from 

abdominal vein. The sariiple was treated with citric add an^ 

matic device for measuring blood coagulation (CA 5000. Cysmex). 
The results are shown in Figure 3. 
45 The activity of the samples was corrpared by the methodof2x2parallel test at 0.3 mg/kg/day. 

The PEG-modified HGF showed 8.6 times activity of HGF. 
Claims 

so 1. A PEG-modified HGF. 

2. APEGHTKxfifiedHGFwhichcQrnprisesHGFrnodffiedbyaPEGreagertthtf 
N-terminal of protein. 

55 3. A PEG-nriodified HGF wrtch comprises HGF modified a PEG reagem^ 
N-terminal of protein through an amide bond. 

*: standard amino add. 0= calculated data, data not measived 
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A PEGhmodified HGF which is obtained by a process comprising a step of activating a cartxwyl group of a PEG 
reagent represented by the fonnula (1): 



(wherein and are sanrie or different and independently a Icwer alkyi; p and q are are 
independently integer from 20 to 280; and t is 0 or a positive integer): 
and a step of treati ng I^F with said activated reagent 

A PEGhmodified HGF which is obtained by a process comprising a step of activating a carboxyl group of a PEG 
reagent represented by the formula ^): 



(wherein R^ is a lower alkyl. r is an integer from 20 to 280 and sis a positive integer); and 
a step of treating HGF with said activated reagent. 

A pharmaceutical composition for treating hepatic diseases, treating renal diseases, pronrwting growth epithelial 
cells, treating cancer, reducing side effects of anti-cancer reagents, treating lung diseases, treating gastric and 
duodenal dteeases. treating cerebral and nerval injury, increasing platelets, treating hypoptoteinemia, healing 
wounds, inaeasing hemopoietic stem cell, restoring hair, and in skin cosmetics, comprising an effective amount of 
the PEG-nfK3dif ied HGF as defined in daim 1 . 2. 3, 4. or 5. and carrier, if necessary. 

A method of using the PEG-mocfif led HGF as d^ined in daim 1 , 2, 3. 4 or 5 comprising manufacturing a pharma- 
ceutk»l compositkjn for treating hepatk; diseases, treating renal diseases, promoting growth epithelial cells, treat- 
ing cancer, redudng skie effects of anti-cancer reagents, treating lung diseases, treating gastric and duodenal 
diseases, treating cerebral and nerval irijury. increasing platelets, treating hypoptoteinemia. heating wounds, 
increasing hemopoi^ stem cell, restoring hair, and in skin cosmetfos. 




R'0(CH2CH20)i 



O 

R'0(CH2CH20)r-6-(CH2)sC02H 



(2) 
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1= i s - 1 
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